Rett Syndrome is a neurodegenerative disorder aftecting only girls with acute regression in behaviour, occurring in the first three years of life, leading to a pervasive disintegra6ve disorder with bter physical sequaelae, including hypotonic cerebral palsy and hyposcoliosis.
imerase from Escherichia coli catalyzes the epimerization of H2NTP to dihydromonapterin triphosphate. The enzyme was purified 954-fold to apparent homogeneity by a combination of ammonium sulfate fractionation and column chromatography of Cibacron Blue 3GA dye ligand, Phenyl Sepharose CL-4B, MTX-agarose and Superdex 200 HR 10/ 30 FPLC column. The molecular mass of the epimerase determined on a Superdex column was 82.6 kDa, while the subunit molecular mass determined on SDS-PAGE was 13. 7 kDa . This implies that the epimerase most probably exists as homohexamer. The 20 amino acid sequence from the N -terminus was determined (AQPAAIIRIKNLRLRTFIGI) . Based on this sequence, the gene encoding the epimerase was cloned using a simple polymerase chain reaction approach. Translation of the nucleotide sequence of the cloned gene revealed the presence of an open reading frame containing 120 amino acids ",lith a predicted molecular mass of 13,993 Da. The epimerase gene located in 2.3 kb BamHI-EcoRI fragment from Kohara's clone 406 was overexpressed 300-fold, which was confirmed by the prominent increase in 14 kDa protein band on SDS-PAGE gel.
It showed no homology with the sequences of Isomerases or other enzymes in GenbartkjEMBL data bases .
Trace elements compared to neopterin concentrations in mv infection
Artner-Dworzak E, Zangerle R, Sarcletti M, Petter A, Fuchs D , Wachter H Institute of Medical Chemistry and Biochemistry, Department of Dermatology and Venerology, University of Innsbruck, Innsbruck, Austria Zinc and selenium deficiency is common in human immunodeficiency virus type 1 (HIV-l) infection, and serum levels of these important trace elements were recently connected with prediction of prognosis . HIV-intection is also associated with a profound disturbance of cytokine networks, characterized by raised levels of IL-l, IL-6, TNFa and IFN-y. The activation of the immune system may disturb zinc and selenium metabolism, and abnormalities of zinc and selenium distribution may contribute to immunodeficiency. These trace elements play a major role in detoxification processes and thus, oxidative stress should influence their metabolism . Selenium enzymes, as gIutathionperoxidase, reduce hydrogenperoxides and other organic peroxides, therefore a deficiency of selenium causes insufficient reduction of peroxides and cell damage. Elevated IFN-g is reflected by increased serum and urinary neopterin which is widely used to monitor immune alterations in HIV-infection. In earlier studies we found a relationship between im-mum: system activation and urinary zinc wasting v,rhich may be the reason for decreased availability of zinc. Immune activation may reduce renal tubular reabsorption of zinc and also the small intestine is often affected in HIV infected patients and mal-absorption is common.
Serum levels of zinc and selenium in comparison to urinary neopterin excretion were SUIdied in 44 AIDS patients treated with triple therapy comprising protease inhibitor plus reverse transcriptase inhibitors, preventing \'ims replication . There was no correlation between serum zinc and urinary neopterin and zinc levels in patients receiving antiretroviral therap~'. Data in this study however show a statistically significant inverse relationship between SenllTI selenium concentrations and neopterin leyels in the patients treated with protease inhibitor for three months (rs = -0.323, P <0.05 ). In case of low selenium concentrations in serum, the radical capture might be unisufficient and contribute to further immune deterioration . However, the association found between neopterin and selenium is weak. The change of \-ims load measured by quantitati\-e HIV RNA per during the 3 months period of therapy showed a weak correlation with zinc metabolism (rs = -0.403 , p<O. 01) . The association found between zinc and selenium metabolism and semm neopterin as well as viral load markers does not allow final conclusions. The in1pact of therapy on concentrations of these trace elements compared to immune related phenomena was obviously too heterogenous. On!\-a prospective study could resolve a potential role of zinc and selenium in the pathogenesis of A1D5 and their relationship to immune activation phenomelu .
Is iNOS of macrophages the metabolic switch between life and death?
Bujack H Munich 1. The misunderstood cytochrome P-450 enzymes: In endo-and xenobiotic metabolism \\'e are looking only for their detoxit)'ing abilities and the final excretion of the substrates. In nature recycling of valuable material by continuous oxidation/ reduction (epoxid-cycle) is much more important. Most of the hydroxylated compounds are destined for recycling, only part of it will be further oxidized and excreted.
2. The misunderstood xanthin-dehydrogenase/ oxidase, XDH/O : Again we are looking for the final excretion product: uric acid. But the enzyme always starts as XDH and the first tlmction is to hydroxylate hypoxanthin ( R.Hille) . In energy metabolism a huge amont of I~lP is left ()\'eL :\frcr the action of XDH xanthin will be the substrate to recvde AMP and GMP. To measure XC) -tlll1ction the conversion of pterin to isoxanthopterin is used .
3. The misunderstood inducible nitric oxide 5\'nthase, i~OS: And once ag<lin \\'e are looking tor the final product : ;\'0 . \Ve are bscinated b\' its di\'Crse physiological functions as neurotransmitter in the brain and .1S relaxing bctm in blood \'Cssels . But this :-:0 is not supposed to be produced by macrophages, responsible are constitutional :-:OS on certain neurons and in FC. The NO of macrophages is believed to be an immunological defence weapon, killing bacteria and tumor cells. But now it is t<.1lll1d out that iNOS is a "cell killing engine" (A.Marietta ) destroying not only the enemies but also the bodies ' own cells. In acute liver damage -caused by LPS-hepatocytes and sinusoidal EC were kiUed by Kupffer cell-derived ~O ( I. Kurose: Int J Microcirculation 1996) . Now the question is, \."ill iN OS function as a "killing engine" only in pathological siulations like infections or poisoning or is it a physiologic metabolic switch regulating lite and death of other cells by programmed ceU death? By that way cell-homeostasis could be managed.
The back-flow of o\\'n metabolic products seems to regulate the induction of the apoptotic pathway as we know tTom ceramides (TIES 20/1995/73-77 ) Bacterial toxins or industrial products -or their P4S0-mediated intermediates -are often very simibr to 0\\,11 back-How products and could be able to mimic the apoptosis-inducing property. Then thC\' would lead to an exaggerated but otherwise norm,ll response. Consequently immune diseases \\'ould not be an error of the immune system, but a misplaced switch of the iNOS.
Rut which part of the iNOS-reactions could fa-\'our lite of related cells? The first step on the way to ~O-production is the hydroxylation of arginine. Then citrulline can be used also -or mainly -to reo'de arginine. i~OS has dose homologies with hvdroxdase of Bac.megaterium, which is able to h\' -drm.xlate fatty acids, 'l\.TJ-I~-and CH ,-groups (A. ~larletta, Biochemism' 1992 ) .
'\lav be i~05 is a hydrolase in the first place, which is responsible tor reo'cling substrates to other cells. That is probably the special fi.ll1ction of residential macrophages .
Strenuous exercise induces different changes in the hematological as well as in the immunological system. In contrast to thc well described release of pro-inflammatory cytokines inhomogenous data exist concerning alterations of the cellular immUl1e system, of erythropoietin (EPO ) and of the vascular endothelial growth factor (VEGF). Thus, we investigated the consequences of an ultramarathon run at moderate altitude on serum neopterin, as marker for the activation of the cellular immune system, EPO, VEGF and selected cytokines.
We tested 13 well trained male runners during the Swiss Alpine marathon of Davos (SAD; 67 km run, vertical displacement 2300 m, mean running time 611 min). Blood specimens were collected 24h before the race (=-1 ), immediately after exercise (=0 ), as \vell as one (= 1), two (=2) and five (=5 ) days after the run. We measured concentra6ons of neopterin, interleukin I-recepto r antagonist (IL1-ra), tumor necrosis factor-a (TNF-a), soluble TNF receptor I and II (sTNFr-I , sTNFr-II), EPO and VEGF. Statistical evaluation was done by Friedman two-way analysis of variance followed by Wilcoxon signed rank test.
Davs
-1 0 1 2 5 eopterin (nM ) 4.8 6.4** 6 .6** 5.7* 5.5 EPO (U/ l) 5.9 11.0** 10.1 ** 8.8** 7 .1 VEGF (pg/ ml ) 116 198** 274** 170** n.m. ILl -ra (pg/ rnl ) 18 720** 100** 84* 28 T1\."F-a (pg/ ml) 13.0 IS'()** 16.0* 16.2* 16.5* sT JFrI (ng/ ml ) 2.4 5.3** 3.9** 3.4** 2 .S sTNFr-II (ng/ ml ) 11.1 14.1 ** 17.4** 15.1 ** 11.3* Values shown as medians, *p<0.05 and **pdl.Ol as compared to pre-exercise values.
Prolonged exhaustive exercise at moderate altitude acti\'a tes the cellular immune system and induces a rapid and sustained increase of EPO and \ t:GF, which was paralleled by similar changes of ILl-ra, TNF-a, sTNFr-I and sTNFr-II
Neopterin, soluble interleukin-2 receptor and soluble tumor necrosis factor receptor type 1 in liver cirrhosis
Diez-Ruiz A, Tilz GP, Gonzalez-Calvin 1, Gallego F, Rico-Irles 1, Wachter H, Fuchs D Department of Medicine , University of Granada, Spain; Immunology and Immunohaematology Laboratory, Department of Internal Medicine, University of Graz , Austria; Institute of Medical Chemistry and Riochemistry, and Ludwig-Boltzmann Institute of AIDS-Research, University of Innsbruck, Austria
In liver cirrhosis of alcoholic and/or viral origin, impaired immune function has been described. It may contribute to the pathogenesis of the disease and the clinical consequences . There exists increasing evidence of activation of the monocytes Pteridines/ Vol. 8/ No. 1 and elevated circulating levels of interleukin-l , interlcukin-6 and tumor necrosis tactor (TNF) in patients. Also T-cell activation has been described both in alcoholic cirrhosis and chronic viral hepatitis.
To further examine the pattern of immune function in liver cirrhosis of alcoholic and viral origin, we measured serum levels of soluble tumor necrosis tactor receptor type I-p55 (sTNFR-55 ), soluble receptor t()f 11.-2 (s1L-2R, C05) and serum neopterin in a group of 46 patients with cirrhosis, 33 of alcoholic and 13 of viral origin, classified according to the C hild-Pugh score of severitv of liver disease. Sixteen patients were in grade A, 17 in grade Band 13 in grade C.
Serum concentations of sTNFR-55, sIL-2R and neopterin were significantl\' raised in cirrhotic patients. No diffferences existed between patients with cirrhosis of alcoholic and those of viral origin, but we tound significanth' higher concentrations of sT1\TfR-55 and sIL-2R in patients with grade C liver disease when compared with those in grade A. There were significant correlations of sTNFR-55, sIL-2R and neopterin levels with concentrations of albumin, bilirubin and prothrombin in patients.
These results contribute to affirm the existence of an immune activation state in liver cirrhosis that could be respo nsible to the development of the disease and clinical complications. Irrespective of the origin of cirrhosis, the immune alterations are related to the severity of liver disease.
Polarization of THI-TH2-type subsets during states of trauma and infection Recently it has been postulated that trauma-induced predominance of Th2-tvpe cvtokines is essentially associated with decreased resistance to intection resulting in sepsis and multiorgan failure . Cytokine de novo synthesis of individual cells is now easily detectable with a newly developed technique of immunofluorescence via flow cytometric analysis using monocloncal antibodies as specific reagents. It was the objective of this study to scrutinize, if trauma-induced constitutional changes in T-cell cytokine patterns have a predictive value in terms of clinical outcome. 15 healthy controls and 10 patients following major burn injury (mean age 39 ± 5 years , mean ISS 51 = -! points I on dav (d) 1,3,5,6 post-trauma were undergoing immunological screening . The ill \ 'itro capacity of PBMCs triggered with iono mvcin ( 111.\1 ) and probolester (5 ng/ ml ) to produce the Th2 cvtokine IL-4 and the Thl cytokines IF~-y and 11.-2 \\'as investigated. Results are shO\\"I1 as percentage of positive cells within the C08+ subset (x = S.E . .\1., *p< 0.05, **p<O.Ol, ***p<O.OOI versus controls; #p<0.03, ##p<O.OI versus survivors; Mann Whimev LT test ). S lU\;YOr..; (S ) \"S .
:i I ~i)(l-.qU\'i\"C)('S: (:SS ) l dS d7 17.9 = 6 ... 19.9 -6 1 ' )"IL-1 = S .. . 9 = 1.9 -l.6= 1.0 57 :!: l.-l 7.3-L9' 3.3' () ~ (C DX. \ ;-.;S IS .9 = X.4 1'1 .1-:-6.1 3XI -6:;': 27-l.:. "..".-While the number of C04+ cells were large I\"
within the control range , these data clearly demonstrate that patients sustaining major trauma generally show an increased percentage of CDS ... cells, potantially able to produce IL--!, If): -y_ and IL-2 compared with healthy blood donors . The production of IL-4, the index c\,tokine of the Th 2-like response , was signific\"I1tlv upregulated in (\'-totoxic C08+ cells during the entire obser.,1tion period and could be correlated with poor clinicli outcome. In contrast, elevated 1F):-g release, the index cytokine for Thl-like response , was predictive for the survival. Since 1L-4 and IF):-y S\"l1-thesis are largely exclusive) we suggest a Th2 directed polarization within the cytotoxic T -(ell subset of patients with poor prognosis. Surprisingly however, high numbers of IL-2 producing C08+ cytotoxic cells were tound on da\-:; and day 7 post-burn in non-survivors. \Ve suggest that this phenomenon seen in the later post-traun1.ltic phase might be associated with increased numbers of newly recruited unprimed (CO-!3R:\ ) T -cells compared to the preexisting circulating mem o ry (C045RO ) cell poo\. Very recent data also re\'ol that an augmented percentage of C043R:\-11.-2 and 1FN-y producing cells compared to sur.i\·ors is predictive tor non survival post-trauma . \Ye ( 011 -clude form these data that c\'toplasmatic T-cell (\'-tokine analysis represents a most \'aluable timeh" screening method to prectict biological aberrations and catastrophes.
Histochemical demonstration of dibydrofolate reductase acting as a dehydrogenase, I: Critical discussion of the reaction specificity in nonnaI mouse kidney The histochemical demonstration of dihydrotolate reducase (EC 1.5 .1.3, DHFR) activity with the tetrazolium salt method is hampered by experimental drawbacks influe ncing thc reaction specificity. A new modality, based on Gerzeli and D e Piceis Polver's method (1968 ) with tetrahydrofolate (THF ) as substrate, is proposed. It is perfo rmed in two steps in pH 7.4 buffered solutions containing tissue protectants (agarose in the first step and PVA in the second) : ( 1) preuptake with the tetrazolium salt (Tetranitro BT, T N BT ), exploiting its substantiyity tor proteins (Seidler, 1991 ) ; (2 ) incubation with the substrate (THF ), co-factor (NADP-) , intermediate electron acceptor to by-pass NADPH deh\'drogenase lphenazine methosulphate ), inhibitor of the respiratof\' chain (sodium azide ) and enz"me activator (Mg 2 .).
I n normal mo use kidnev a sharp zonati o n of the staining was to und, with the cortex showing much highcr positivity than the medulla, which was almost negative. Procimal tubules (p artiClIlarly in mid zon al and juxtamedullary n ephrons ) \\'ere much more intensely stained than distal tubules; loop segments, collecting ducts, glomeruli and interstitial cells had a faint staining. Compartmentation of folate metabo lism between cvtosol and mitocho ndria has been reported ( Appling, 1991 ) . A faint positivitv o\'cr the nucleus is considered as non-specific: since DHFR is usualh' not active in this location, it might indicate a direct, no n-enzymatic, reduction o f T:\,BT b\' THF . The total staining thus comprises : ( 1 ) this product; (2 ) the "Nothing Dehydrogenase" reaction (NADP· -dependent dehydrogenases acting on endogenous substrates; evaluated from the controls lacking THF); and (3) the reactio n of DHFR converting the added T HF . The cytoplasmic staining had either a dif· fuse and/or a granular to nn . In proximal nlbule cells, the granular precipitate was intense and concentrated in the basal region. The two types of precipitates suggest that DHFR might be an an1-biquitous enzyme (Wilson , 1978 ) , active as soluble in the cytosol and/or bound to mitochondria.
The latter wo uld allo\\' a tast chanelling of THF into the mitocho ndrial matrix .
Methotrexate (MTX; competing with tolate but presumably no t \\'ith THF to r the DHFR actin: site) did not inhibit the re actio n significantl\'. This was also observed by Tzo rtzatzou and Hayhoe ( 1974) with lcucocytes and fibroblasts. Controls lacking the substrate were m oderately positive in proximal tubules, involved in folate re absorption and metabolism (Selhub et al., 1987; Muldoon et at., 1992 ) . These observations agree with autoradiographic and immunohistochemical data from the literature o n MTX binding, folate-binding proteins and dependent multifunctional enzymes 111 the kidney. (Funds from MURST and FAR)
Histochemical demonstration of dihydrofolate reductase acting as a dehydrogenase. II: Application to the kidney and tumour tissue of mice bearing an extrarenal tumour Freitas I, Bono B, Griffini P, Bertone V, Genini E , Bertone R , Fedigatti L, Gerzeli G Department o f Animal Bio logy and CNR Center to r Histochemistry, University of Pavia, Pavia , Italv A histoch emical method to demonstrate dihydro tOlate reductase (EC 1.5 .1.3, DHFR) activity using tetrahcdrotOlate (THF ) as substrate (Freitas et aI. , this workshop), was applied to Ehrlich carcinomas implanted on the hind leg of mice and to the kidneys of the tumo ur-bearing animals.
Kidney: In comparison to the kidney o f normal mice the staining was further enhanced in proximal tubule s of mid zonal and juxtamedullary nephrons and extended to thin segments of Henle's loop; the controls lacking THF were also more positive. These facts suggest an enhanced reabsorption of to late and an augmented fOlate-depend e nt metabo li sm: RNA sy nthesis, glycine conversio n into serine for hepatic gluconeogenesis, and glycine catabolism to ammonia for the correction of metabolic acidosis (Appling et al., 1990) . T umour growth indeed requires folate , glucose and glutamine (no rmally used by the kidney to correct acidosis ) and produces high concentrations of lactate . Data by Weitman et at. (1992) , indicating Methotrexate (MTX ) causes the selective destmction of proximal tubules, are keeping with these obsef\'ations.
Carcinoma : The positivity was heterogenousl), distributed, being most intense at the periphery, \\'here high proliferation was seen . Compact cords of malignant cells had much higer DHFR activity than adjacent loose cords. Within the same cord, the highest positivity was seen in non -proliferating cells adjacent to the necrotic regions; the necrotic material itself was posItive. Besides the cytoplasmic staining (diffuse and/or granular), nucleoliassociated positivity was observed in some ceUs . Controls lacking THF were almost negative e\-ervwhere, with the exception of necrotic and perinecrotic ceUs, which were moderately positivc. In the actively proliferating regions, DHFR actiyity might be related to the reconversion of dihydrofolate , f()fmed during the synthesis of thymidylate , into THF. By contrast DHFR activity in perinecrotic regions might salvagc fo lates released ti-om dead cells (Steinberg, 1984) thus replenishing THF pools in areas where intense glycolysis leads to overproduction of serine and irreversible formation of N5-methvl -THF (t()late trap ) (Eigenbrodt et aI., 1985 ) . The nucleolus-associated DHFR acti\-ity might aUow the local production of precursors for: (a) DNA repair; in mouse cerebellum neurones this process occurs mainly in the nucleolar area (Scherini and Mares; 1993 ) ; (b ) mRNA and rRNA for anoxic and/or glucose stress proteins. In addition it might limit the availability of S-adenosylmethionine for DNA methylation: this process is associated to transcriptional inactivation or to repair (Liteplo et al. , 1989 ) . This requires particular attention since DNA-hypomethylation leads to a metastatic phenotype (Kerbel et al., 1984) . The heterogenous distribution of DHFR activity indicates different susceptibility or even resistance to MTX (Schimke, 1984 Monitoring of neopterin concentrations in humans is a sensitive way to detect actiyation of -:eUmediated immunity. Because large amounts of neopterin are produced by human monocytes/ macrophages (MF<I» on stimulation with interferony, elevated neopterin concentrations are common in urine, serum and other body fluids of patients with various disorders associated with cellular immune activation. E .g . neopterin measurements are useful for the classification of disease severity and to predict the future course of infections, particularly of virus infections, but also in autoimmune diseases and malignancy, and changes of neopterin concentrations in allograft recipients are sensitive indicators of immunological complications in the patients.
Recently it was demo nstrated that neopterin enhances chloramine-T and hydrogen peroxide-mediated chemiluminescence, whereby the enhancing efteet o n hydrogen peroxide could only be achieved at neutral or slightly alkaline pH in the presence of iron -EDT A -complex . ~eopterin was also found to enhance cytotoxicity of NO /peroxynitrite. AU these data indicate that neopterin may be part of the microbicidal armature of activated human M<I>. M<I> of other species than humans and primates hardly release neopterin upon stimulation with interferony, instead they produce biopterin derivatives which are acting as cofactor for NO synthase. Since the production of neopterin in human M<I> is associated with a quantitative deficiency of the necessary cofactor tor inducible NO synthase, neopterin production may compensate lack of NO. In parallel, during ceU-mediated immune response neopterin may act as endogenous regulator of oxidant/antioxidant balances in biological systems and activate or deactivate redox-sensitive signal transduction pathways. Indeed, neopterin derivatives were found, e.g., to induce apoptosis via an increase of oxidative stress and activate nuclear factor-(NFhB . Thus, it seems that neopterin is not only capable of at least partly replacing cytotoxicity of NO, it also shows some striking similarity to NO regarding its biological effects in target ceUs. It is an intriguing hypothesis to test whether in human M<I> neopterin is the eRector substance mimicking NO activities in "'IF of other species. Therefore, laboratory parameters are important which allow to monitor inflammatory and immunological processes and which bear predictive information. Neopterin concentrations in body fluids reflect cell-mediated immunity in humans, since large amounts of neopterin are released from monocytes/ macrophages activated by interteron-y. It was described earlier that neopterin concentrations in patients with multiple trauma are of prognostic value to predict the development of sepsis and of outcome. A similar situation might exist in patients with pancreatitis. The course of the disease is often complicated by the development of sepsis and multiple organ failure being the leading cause of death.
In a prospective manner, we quantified plasma neopterin concentrations in 25 patients with acute pancreatitis ( 15 males, 10 females ; median age 56 years, range 32 -81 years) employing radioimmunoassay (BRAHMS, Berlin). Neopterin concentrations were significantly higher in patients (p <0.001) than in controls, and patients with severe pancreatitis (according to AP AC HE-II score) had higher levels than those with mild pancreatitis (p <0.001) . Patients who developed multiple organ failure (MOF ) or died had higher neopterin levels than patients without MOF or survivers (p<O.OI ). Similarly, patients with necrotic pancreatitis had higher neopterin than those with edematous pancreatitis (p<O .OI ). There existed a significant correlation between plasma neopterin and C-reactive protein, however positive and negative predictive values were superior for neopterin levels .
In summary, neopterin concentrations bear strong prognostic power in patients with pancreatitis, higher neoptcrin levels being predictive for complications, necrosis and death. Initiation of preterm labor and rupture of amniotic membranes may be caused by the activation of cell-mediated immunity ( 1). Since neopterin is a sensitive marker of cellular immunity we tried to determine normal values in the amniotic fluid. In patients with premature rupture of membranes without clinical signs of chorioamniotic infection a median neopterin concentration of 159 nmoljl was found. Large amounts of creatinine were also measured in the amniotic fluid. Neopterin and creatinine in the amniotic fluid were correlated significantly (p<O .OOI; Spearman rank) . No correlation of neopterin existed with other clinical variables such as fetal weight, pH of the umbilical artery, APGAR and urinary neopterin concentrations.
In conclusion, we found no influence of the hormonal cycle on urinary neopterin. The amniotic fluid contains significant concentrations of neopterin and creatinine which may derive from the amnion and chorion epithelium . However, a contribution of the fetal urine to the neopterin concentrations is also conceivable.
It is important to discriminate between malignant ovarian tumours and benign persistant ovarian cysts to avoid a substantial number of women undergoing surgery that may not be necessary. Ultrasound alone is a great tool but together with new tumour markers in plasma and cyst t1uid it might be more accurate . The aim was to determine whether the ditlerent ultrasound findings in patients with ovarian cancer and benign ovarian tumours were related to neopterin, interleukin-6 (IL-6 ) and complement products in plasma and cyst fluid.
Vaginal sonography was performed bct()re surgery in 31 patients scheduled tor cxplorati,"C laparoton1Y due to cystic ovarian tun10urs of unknown histolo\'. 15 ovarian cancers and 16 benign ovarian tumours were diagnosed histologically. Patient age and tumour size did not ditler significantly between the groups. Neopterin, IL-6 and complement products were determined in plasma and in cvst fluid .
Ultrasound revealed 19 patients with multilocular solid tumours, 14 cancers (74%) and 5 benign tumours. Multilocular tumours were found in 7 patients, 1 cancer (14%) and 6 benign tumours. Unilocular solid tumours were found in 3 patients, all benign UUTIours. Unilocular tumours in 2 patients, both with benign ulmours. The expected malignant percent in the tour ultrasound groups are 73%, 16%, 2% and below 0.3%, respectivelY. In the multilocular solid ultrasound group the median neopterin, IL-6 and complement product concentration in plasma and cyst fluid in the 14 cancer patients were higher than all the indi,-idual corresponding levels in the 5 patients with benign O\'arian tumours. The lowest concentration of neopterin, IL-6 and complement products in plasma and cyst fluid among the 14 malignant patients in the multilocular solid group were higher than all 5 benign patients according to neopterin in Cyst fluid and IL-6 in plasma and cyst t1uid , and the lowest malignant level were higher than 4 of the 5 benign concentrations acccording to neopterin and complement in semm. In the multilocular ultrasound group the single malignant patient concentration was higher than all six benign tumours in this group according to neopterin in cyst fluid, IL-6 in semm and complement product in cyst fluid, and higher than 5 of the 6 benign patietns in this group according to neopterin in serum and IL-6 in cyst fluid.
The study suggests that ultrasound together with determinations of one or more tumour markers in serum or cyst fluid might be a useful tool in the assessment of patients with persistent ov- In the presence of iron chelator complexes neopterin enhances hvdrogen peroxide-induced luminol chcmluminescence at neutral or slightly alkine pH (6.5-7.5) by formation of a catalytic complex that seems to tavor the formation of oxygen intermediates which derive from hydrogen peroxide and react with luminol. These reactive oxygen intermediates (ROI) are chemical triggers for apoptotic cell death during oxidative stress. Thus, it is supposed that neopterin enhances the apoptosis-triggering effects of ROI, and the presence of iron chelator complexes might be necessary. In the absence of iron, increasing concentrations of neopterin even act as scavengers of ROI similar to 7,8 dihydroneopterin. Thus different iron and/or chelator concentrations might influence the cellular response to neopterin exposure. 24 h incubation of rat L2 cells with neopterin ( 100-1 000 ~M) results in a significant increase of percentual apoptotic cells (measured by FACS analysis). In contrast in the human histiocytic lymphoma cell line U937, increasing neopterin concentrations (up to 1000 ~M) decrease TNF-a-induced apoptosis.
\Ve im'estigated whether species-specific or cell type-specific differences and/or varying experimental conditions account for these distinct observations. An additional influence might result from different culture media necessary for cultivation of human (RPMI for U937 ) and rat cells ( DMEM for L2 ). We measured by FACS analysis the neopterin-induced apoptosis rate of L2 under different medium conditions (DMEM \'s. RPMI, with or without Fe(III) -EDTA). Up to now, no significant coherence could be observed. From the preliminary data it seems that species-specific differences and organ-specificity of cells is more im-portant for the distinct responsiveness of cells to neopterin exposure. However, there is indication that exogenous administration of neopterin has some influence on the handling of iron by the cells. In fact, iron applied together with neopterin seemed to more rapidly be incorporated by the cells. Therefore, an impact of neopterin on iron regulatory pathways seems possible, most likely via interference with redox-sensitive elements e.g., iron regulatory proteins .
Baier- Bitterlich G, et al. FEBS Letters 1995 ; 364: 234-238 Murr Ch, et al. FEBS Lett 1994; 338 : 223-226 Murr Ch, et al. Free Radical Bioi Med 1996; 21: 449-456 Schobersberger W, et al. FEBS Letters 1996; 397: 263-268 Time course of neopterin and cytokines in polytraumatized patients Trauma is associated with fundamental alterations in the hematological as well as immunological system. Discrepancies are still present in the literature regarding the time course of proinflammatory cytokines and markers of the activated cellular immune system. Moreover, less data are available concerning severe traumatized patients. Therefore, we investigated the time course of selected cytokines, of neopterin and of erythropoietin (EPO).
Blood specimens were collected of 17 severe polytraumatized patients (ISS>30 ) . within 3 h after admission at the ICU (=1 ), and on days 2, 4, 6 and 9 after trauma. We masured concentrations of neopterin, IL-1 receptor antagonist (IL1-ra ), interleukin-6 (IL-6 ), tumor-necrosis factor-a (TNF ), soluble TNF-receptor I (sTNFr-I ) and erythropoietin (EPO) applying commercially available immunoassays. Statistical evaluation was done using Friedman two-way analysis of variance followed by Wilcoxon signed rank test. Severe trauma induces a biphasic response complex with a rapid activation of the immune system by an increase of IL-lra and IL-6, followed by a second response after 3-5 days as evidenced by the rise of neopterin and sTNFr-I. Synthesis, excretion, and effects of pro-inflammatory cytokines, e .g. tumor necrosis tactor-a (TNF-a), and the neopterin derivatives neopterin and 7,8-dihydroneopterin are closely correlated. Due to their long half-life, neopterin derivatives may exert wide-range actions that are not limited to the blood stream . Therefore, we speculated that these substances are able to induce TNF-a production in non-hematopoietic cell lines, thus contributing to cellular destnlCtion that ultimately leads to multiple organ failure . In the present study, neopterin but not 7 ,8-dihydroneopterin induced T N F-a mRNA expression in rat vascular smooth muscle cells as detected by qualitative and quantitative polymerase chain reaction. The increase in T1'-.TF-a gene expression was accompanied by an augmented release of biologically active TNFa protein as determined with an L-M cell bioassay. From the data we conclude that induction of TNFa synthesis is one possible interaction between neopterin and pro-inflammatory cytokines during the cell-mediated immune response. Large amounts of neopterin are produced and released by human macrophages in response to stimulation with interferon-g, and changes in neopterin concentrations indicate cellular immune activation. As a consequence, increased neopterin levels in human body fluids can be observed in patients during inftxtions ,vith viruses, with parasites and intracellular bacteria. Pulmonary infection with Mycobacterium tuberculosis is also associated with increased neopterin levels. The available data stem from studies exclusively performed in adults, but there is no data about neopterin levels in pulmonary tuberculosis in children. In two 10-months old children ",rith progressive primary pulmonary tuberculosis we measured urinary neopterin levels by HPLC.
Neopterin induces tumor necrosis factor-a synthesis in non-hematopoietic cells in vitro

Neopterin levels and progredient primary tuberculosis in infants
Case 1: A girl with unilateral hilar adenopathy and a consolidation in the right lower lobe (by chest X -ray) was treated with isoniacid , rifampin and pyrazinamide without clinical improvement. Her initially very high neopterin levels (2266 !lmoljmol creatinine at admission) started to decline but thereafter increased again, and this was associated with worsening of the chest X-ray. Ethambutol was added and clinical improvement was observed. Then neopterin b 'els coincided with the clinical course showing a stepwise decline and returning into the normal range.
Case 2: A girl with a left sided retrocardial parenchymal infiltration accompanied by ipsilateral hilar lymph node enlargement (chest X-ray ) was initially treated with isoniacid, rifampin and pyrazinamide, but there was no clinical improvement. The initially very high neopterin level (2073 !lmolj mol creatinine) decreased, and after 4 weeks of treatment tended to increase again . When ethambutol was added, the girl improved as well as the Xray. Neopterin concentrations remained rather stable and finally entered the normal range.
Neopterin levels reflected the complicated clinical course of tuberculosis in the two children sensitively and correlated with the worsening of the X-ray. We conclude that measuring urinary neopterin levels is a non-invasive possibility of monitoring these patients to recognize complications early and beside this it may help to economize frequent X-rays. This is important as infection with drug resistant strains can cause fatal disease if effective treatment is not instituted early. Fuchs D , et al. Lung 1984; 162 : 337-46 Interactions of pteridines with cytochrome P450 isolated from Pseudomonas putida Horejsi R, Payerl D, Haas D, Robra KH , Somitsch W, Reibnegger G Institute of Medical Chemistry and Pregl Laboratory, Karl-Franzens-University; Institute of En-\'ironmental Biotechnology, Technical University, Graz, Austria Cytochrome P450 enzymes oxidize endogenous and exogenous compounds in procaryotic and eucaryotic organisms. An iron protoporphyrin IX complex is the active center in this group of enzymes. A well documented cytochrome P450 species is the soluble enzyme isolated from Pseudomonas putida P450 cam; indicating its substrate specification for camphor). The interactions between the "classical" substrates, camphor and related compounds, generate a pentacoordinate iron shifting from low spin to high spin yielding a type I spectrum. The established and protracted purification procedure of the enzyme from the bacterial suspension was modified using a different precipitation reagent (N-cetyl, N,N,N-trimethylammoniumbromide) . Seven different pteridine deri"atiYes were incubated with the crude cytochrome P450 preparation from Pseudomonas putida, and their interactions were investigated spectroscopically. All pteridines, namely neopterin, 7,8 -dihydroneopterin, biopterin, 7 ,8-dihydrobiopterin, 6-formylpterin, xanthopterin and isoxanthopterin, yielded type II binding spectra indicating a binding to the active center of the enzvme as an inhibitor. An earlier studv with rat liver microsomes could demonstrate this type II binding spectra with neopterin, biopterin, monapterin and pterin, but not "rith the reduced derivatives 7,8-dihydroneopterin and 7,8-dihydrobiopterin. Rat liver microsomes show a much higher total absorbance than the purified bacterial enzyme preparation; therefore, difference-spectra obtained with the cytochrome P450 prepared from Pseudomonas putida are much more precise. Moreover, rat liver microsomal preparations may contain a multitude of other P450 and non-P450 enzymes; therefore, our further studies will concentrate on well-defined cytochrome P450 species such as P 450cam. The exact mode of pteridine binding and the biological significance of peridine derivatives as inhibitors for the wide spread cytochrome P450 enzyme system will be investigated in further studies.
Chemistry of pteridine nucleosides -building blocks for oligonucleotide synthesis Jungmann 0, Pfleiderer W University of Konstanz, Faculty for Chemistry, Konstanz, Germany
The fluorescence intensity of oligonucleotides containing fluorophorcs are increasingly used for monitoring changes in the molecular environment of the cell . For example, protein/ DNA interactions and DNA hybridizations can be investigated with this technique and could prove useful in mechanistic studies and in screening for molecules showing biological activities.
We have developed new fluorescent pteridine deoxynucleosides, analogs to the naturally occuring purine and pyrimidine nucleosides, which can be incorporated into an oligonucleotide strand using the common technique of solide phase oligodeoxynucleotide synthesis in an automated DNA synthesizer. Chemical modifications of the pteridine nucleosides either to 3'-O-succinates or 3'-phosphoramidites afforded the starting nucleosides for linkage to the insoluble solid support as well as the monomeric bui1ding blocks, necessary for the chain extension in each cycle. This approach allows site-specific instertions in different positions of an oligonucleotide chain. pteridine phosphoramidite support bound pteridine nucleoside About 100 oligonucleotides were synthesized containing the pteridine nucleotide analogs in form of their methyl-and phenyl-derivatives instead of the adenine, cytosine, guanine and thymidine residues.
Their tendency towards duplex formation was investigated resulting in a more or less small decrease of the melting points in comparison with the corresponding unmodified oligomers. Up to now, only the introduction of some thymidineanalogous lumazine structures led to an increase of the Tm-values due to stabilizing stacking effects of the helical structure.
The high specific activity and the sensitivity to changes concerning the fluorescence proporties of the modified pteridine oligonucleotides are the basis for continuous monitoring of protein/ DNA interactions, realized in a fluorescence assay for the HIV-1 integrase 3' reaction. The influence of three different diet modes combined with defined exercise loads on urinary neopterin concentrations -a longitudinal study Lamprecht M , Mlekusch W, Vrecko K, Reibnegger G Institute of Medical Chemistry and Pregl Labora tory, Karl-Franzens-University, Graz, Austria
As part of a study focussing on oxidative stress, we studied the influence of three extremely different diet modes (normal diet, carbohydrate-rich diet, fat-rich diet ) combined with three defined exercise loads (step test, endurance test for 30 minutes, endurance test for 90 minutes) on daily urinary neopterin concentrations of one voluntary subject (male, 28 years, healthy, non-smoker). Furthermore, plasma neopterin was determined before, during and after each exercise load. Each diet period lasted for 28 days and was performed twice: once without, and once with extra supplementation of antioxidants. Thus, six diet blocks were done, and the whole project lasted six months.
Urinary neopterin levels showed a markedly high daily fluctuation, and there were three ocPteridines/ Vol. 8/ No I casions with infectious complications which were characterized by significantly raised urinary neopterin (about 400 f.1mol per mol creatinine). However, when comparing neopterin levels according to diet mode, absolutely no difference was found. Similarly, supplementation had no influence on neopterin levels, and no coherent effects of the exercise loads on urinary neopterin could be detected. While plasma neopterin concentrations were significantly higher during exercise loads than before and after, the increase was extremely small (about 1 nmol/l ) and we suggest these changes to be due to slight alterations of renal function and/ or hemodynamics during the physical exercise.
Our study supports the robustness of the immune activation marker neopterin since no influences of these truly extreme diet modes on urinary neopterin could be detected and exercise loads had no appreciable influence on urinary as well as plasma neopterin concentrations . These statements are particularly important when one compares our findings with the dramatic changes in neopterin concentrations in diverse body fluids which are observed when the cell-mediated Immune system is activated in disease states.
Is there any association between melatonin and neopterin metabolism in neurodegenerative disorders?
Leblhuber F, Walli J, Maschek W , Sommer R , Tilz GP, Wachter H, Fuchs D Department of Gerontology, Departrnent of Clinical Chemistry, Landesnervenklinik. Linz, Department of Nuclear Medicine, General Hospital, Linz; Department of Internal Medicine, University of Graz, Graz; InstiuIte of Medical Chemistry and Biochemistry, University of Innsbruck, Innsbruck, Austria a-Melanocyte stimulating hormone (a-MSH) IS a key factor in neuroimmunomodulation and it significantly influences host reactions including fever and inflammation. In laboratory animals a-MSH has potent anti-inflammatory activity and it inhibits, e.g., nitric oxide production by murine macrophages. a-MSH was found increased in patients with AIDS, rheumatoid arthritis and myocardial infarction . We investigated the behaviour of a-MSH in neurodegenerative disorders and its potential association with immunologic abnormalities. In 17 patients with different types of dementia (10 with probable Alzheimer's disease, 6 with Huntington's disease, 1 with frontal lobe dementia; mean age: 67.8± 17.5 years) we compared serum concentrations of a-MSH with concentrations of neopterin as well as tryptophan and kynurenine levels. In addition, 10 age-and sexmatched healthy controls (mean age: 67.S± 14.1 years ) were investigated. There was no difference of neopterin levels between the two groups of individuals, only a difference of tryptophan concentrations was observed, patients with dementia presenting with lower concentrations. However, a striking correlation was found between neopterin and a-MSH concentrations in the patients (rs = 0.87, p<O.O 1) which did not exist in the control population. This finding would agree with a common background for neopterin and a-MSH production in patients with dementia. In fact, earlier in vitro studies by others (Rajora N, et al 1996) demonstrated tllat monocytic cells release large quantities of a-MSH upon stimulation with cytokines like interleukin-6 or tumor necrosis factora. Thus the association found between neopterin and (X-MSH levels in patients with dementia would imply that dementia is associated with overproduction of cytokines, and that a-MSH may be produced by activated monocytes/macrophages as it is the case for neopterin. There is the impression that several backward (e.g., a-MSH as an anti-inflammatory product ) and forward regulatory immune cascades (interferons, neopterin) are activated in chronic diseases like dementia. Any possible association between increased production of a-MSH and the symptomatology of patients with dementia remains to be shown.
Synthesis of 6-phenyl-8-(j3-D-2-deoxyribofuranosyl)-isoxanthopterin
Lehbauer J, Pfleiderer W Facultv for Chemistry, University of Konstanz, Konstanz, Germany
The close structural relationship between pteridine-N-l-and -N-8-nucleosides and the common naturally occuring pyrimidine and purine nucleosides makes this class of compounds potential substitutes to be used in oligonucleotide synthesis as fluorescence markers.
The isoxanthopterin system as a structural analog to the guanine (1) was choosen as a favoured candidate for labelling experiments because of its high quantum yield in combination with other interesting fluorescence properties. After the sucessful synthesis of an isoxanthopterin-N-8-2'-deoxyribofuranoside we selected the 6-phenyl-isoxanthopterin (2) as another possible marker molecule for the build-up of oligomers by a machine-aided solidsupport approach. Two synthetic pathways starting from 0-4-benzyl-6-phenyl-isoxanthopterin (3) and the 2-methylthio-6-phenyl-4-pivaloyloxy-pteridine-7-one (4 ), respectively, were choosen, both leading finally to a 6-phenyl-8-(b-D-2-deoxyribofuranosyl)-isoxanthopterin (5).
The starting material for the first pathway was prepared from 2,5 ,6-triamino-4-benzyloxy-pyrimidine (6) and methyl phenylglyoxylate in a Gabriel and Isay condensation. In the case of (4) the analogous reaction between the methyl phenylglyoxylate and 5,6-diamino-2-methylthio-pyrimidine-4-one (7) led to isomeric mixtures of the 6 and 7 phenyl-substituted pteridines . This problem was overcome by the isolation of the intermediate (8) , which was converted into the desired isomer (9) under basic conditions without formation of by-products. After pivaloylation of 04 the blocked pteridine derivative 4 was obtained in good yields.
7
• Starting with 3, the reaction with l-chloro-3,5-di-p-chloro-benzoyl-2-deoxyribofuranose in acetonitrile and DB U (3) as base afforded the corresponding 04-blocked nucleoside in 32 %. Catalytic hydrogenolysis using Pdl C cleaved off the benzyl group and led after following de protection of the sugar moiety to the desired nucleoside (5).
The second pathway starting with (4), worked analogously in the glycosylation step and afforded the N-8-nucleoside (10) after short treatment with ammonia in methanol to remove the pivaloyl group in 31%. (10) was protected at 04 by the 2-(4-nitrophenyl)ethyl (npe-) group in a Mitsunobu reaction. After oxidizing the methylthiogroup with mchloroperbenzoic acid to the methylsulfonyl fi.ll1C-tion (11) and its displacement with gaseous <1111-monia in CH 2 Cl 2 the following treatment with NaCN in methanol led to the 04-2-( 4-nitrophenyl ) -ethyl-6-phenyl-8-( b-D-2-deoxyribofuranosyl)-isoxanthopterin (12). This compound can be deprotected with DBU in acetonitrile forming (5) or can be used itself after some . further derivations as a building block in the automated oligonucleotide synthesis on a solid support material. Neopterin is released in excess by monocytesl macrophages upon stimulation with interfcron-"(. Therefore, neopterin has become a diagnostic marker tor diseases associated with increased activity of the cellular immune system (e .g., AIDS, autoimmune diseases, hepatitis, certain types of cancer). Only a few studies suggest that neopterin itself exhibits distinct biochemical effects. Enhancement of the macrophage-induced extracellular tox-IClty due stimulation of inducible mtnc oxide gene expression -as observed in rat vascular smooth muscle cells -might be of clinical relevance especially in septic shock.
Because of a parallelism between disease progression and serum neopterin concentrations in several cardiovascular disorders (e .g. dilated cardiomyopathy, acute rheumatic fever, chronic myocarditis, septic shock), we investigated possible cardiovascular influences of neopterin in the isolated perfused rat heart (Langendorff-model).
Male Wistar rats (350 g ) were anesthetized with ether and given heparin intravenously. The hearts were rapidly excised and arrested in icy-cold 0.9% NaCI. Retrograde perfusion of the aorta as described by Langendorff was immediately started with a modified Krebs-Henseleit buffer equilibrated with 95% O 2 and 5% CO 2 , The perfusion pressure was maintained at 37.5°C. 22 hearts were maintained at 60 mmHg (Statham), the temperature was kept at 37.5°C. 22 hearts were studied for a period of 60 minutes following baseline values. 11 hearts were treated with neopterin added to the perfudate (100 11M), 11 hearts served as controls. Heart rate, LVP, dp/ dtm;n and dp/ d rmax were measured by a catheter inserted into the left ventricle via mitral value . Coronary flow was determined by an ultrasonic flow probe (Transonic ). Parameters were obtained after 15 min. equilibration (baseline) and following every 5 minutes.
Overall effects within and between groups were evaluated by ANOVA for repeated measures; differences within groups compared to baseline were determined by paired t-test.
Neopterin decreases coronary flow by 38.4% (p <0.001), LVP by 29 .2% (p=0.002 ), dp/ dt nun by 37.2 (p=O.OOl) and dp/ dt max by 33 .9% (p=O.OOl). . These effects turned out to be significant 15 minutes after treatment with neopterin. There was no significant difference between the groups regarding heart rate (decrease of 6.8%, n.s ), although arrhythmias between the two groups regarding heart rate (decrease of 6.8%, n.s.), although arrhythmias were more often observed in the treated group.
Flow
Heart rate LVP d p/ dt" .. " dp/ rd.,,,, Control 100± 11.9' 96.7 ± 4 .55 n .7 ± 8 .95 96 7 ±9 .85 941 ± 5 .90 Ncoprcrin 61.9±26.0 89.9 ± 10.9 64 .5 ± 18 .7 596 ± 21.4 60 2 ± 14 .6 ' % of baseline (~IOO%) ± S . E. M . at 60 minutes Neopterin per se has a vasoconstnctlve effect on coronary arteries and a negativ inotropic effect on myocardial contractility. This observation may be important in clinical conditions associated with excessive release of neopterin-like septic shock, dilated cardiomyopathy, chronic myocarditis, acute rheumatic fever or transplant rejection. Since October 1986 all blood donations collected at our blood donation service are tested for neopterin by radioimmunoassay (RIA). In the years 1991 and 1992 the first neopterin ELISA kits were presented on the market, but at that time they did not perform to our requirements. One manufacturer succeeded to meet . our requirements and the ELISA was established as routine test in April 1994 in our laboratory. In the same year the testing of blood donations for neopterin became mandatory in Austria.
Comparison of two
The objective of this study was to compare two available ELISA tests for neopterin measurements from different manufacturers regarding their reliability and precision. A crucial point for large scale screening is the automatization of test processing, and both tests were processed on the same system (Behring-ELISA-Processor BEPIII) , after sample distribution with a Harnilton-Microlab AT3-plus pipetting machine . The tests compared were ELItest Neopterin screening (BRAHMS, Berlin, Germany, used routinely in our laboratory) and ~eopterin ELISA (IBL, Hamburg, Germany) .
BRAHMS uses a microtitre plate (MTP) coated with specific anti-neopterin antibody (sheep) and a mixture of sample and enzyme-linked neopterin (conjugate ) is added . After incubation the MTP is washed and substrate (alkaline phosphatase) is added and the reaction is stopped by NaOH. This method requires a premix -MTP for the distribution of sample and conjugate .
IBL uses an anti-rabbit antibody-(goat)-coated MTP in which sample and conjugate are distributed. The reaction starts after the addition of the specific anti-neopterin antibody (rabbit). A premix MTP is not required. After incubation the MTP is washed and substrate (tetramethyl blue) is added and the reaction is stopped by sulfuric acid. 547 consecutive donations were tested in both tests (the cutoff value tor discarding blood units is 10 nmoljl serum, the retest range lies between 9 .5 and 13 nmoljl serum): These incongruent results suggest that at least one test does not work properly (The relatively high cut-off values found may be at least partly explained by seasonal influence on neopterin levels: winter, influenza and flue-like diseases ).
The intra-assay variance of 87 measurements of one single serum (our internal quality control serurn ) showed the better results for BRAHMS (target value 6-7 nmoljl serum): The coefficients of variation for the BRAHMS ELItest neopterin were far lower than for the IBL neopterin ELISA. Apparently the washing step in the ELISA processor is a crucial point in the automatic process of the IBL ELISA, because not all wells were sucked dry. So for the purpose of screening large numbers of specimens some adjustments have to be done to make this test more reliable.
Characterization of 6-pyruvoyl-tetrahydropterin synthase messenger RNA from human myelomonocytoma (fHP-l) cells: Upon interferon-y treatment GTP cyclohydrolase I activity is increased in mammalian cells, whereas the activities of 6-pyruvoyl tetrahydropterin synthase and sepiapterin synthase remain unchanged. In human THP-1 myelomonocytoma cells, the low activity of 6-pyruvoyl tetrahydropterin synthase (PTPS) leads to an accumulation of neopterin derivatives . While PTPS activity was much lower in THP-l as compared to human dermal fibroblasts, PTPS mRNA levels were comparable in both cell types as was shown by Northern blot analysis . Therefore, we investigated PTPS mRNA from human THP-1 cells.
We first screened a cDNA library of interferony-treated THP-l cells with human liver PTPS cDNA . A 755 nucleotide cDNA fragment was isolated and found to be identical to the human liver cDNA sequence despite missing exon 3 (23 bp) . In addition, cDNA of PTPS was amplified by PCR using sense primers specific for exon 2 or exon 3 and an antisense primer binding to exon 5. Interestingly, both primer combinations gave specific products . The sequence of the PCR product using the sense primers to exon 2 and the antisense primer to exon 5 lacked exon 3 like the cDNA clone . Since these results clearly suggested the presence of cDNAs containing the complete PTPS reading frame, we continued to screen the cDNA library in search for a clone containing exon 3. Using the additional Rsa I restriction site in exon 3 for rapid screening, we were able to isolate and sequence a PTPS cDNA clone from the THP-l derived library containing the complete PTPS re-ading frame.
Our results show that PTPS mRNA from human myelomonocytic THP-l cells is heterogenous, containing two species, one presumably more abundant lacking exon 3 and one encoding a functional PTPS protein.
Differentiating multiple clinical situations in kidney transplantation using the generalized likelihood-ratio concept The difierential diagnosis of infections and rejections remains to be a major goal in transplant medicine, as opposite therapeutic regimens are warranted. In this study, the generalized likelihood-ratio approach has been used for the first time in organ transplantation to differentiate between these complex diagnostic situations by multiple non-invasive tests.
In 64 consecutive kidney transplant patients the following parameters were measured daily in serum (S), plasma (P ), and urine (U) during the postoperative stay on ward (p.o.obs., x=29.2d, L=1869 d): neopterin (S-/ U-NEOP ) , amyloid A (SAA), Creactive protein (S-CRP), and complement C5a (P-/U-C5a) . Tests for herpes viruses (serology, PCR., and early antigen pp65 detection ) were pertormed at least twice weekly. Retrospectively the tollowing clinical situations were defined: acute rejection episodes (n=26, L=104d of obs. ), C MV diseases (n=6, L=116d ), bacterial infections (n=6, L=44d ), and periods of stable graft function (n=26, L=104d ). By logistic regression analysis, pairwise likelihood-ratio functions were estimated tor discrimation between all possible pairs of diagnostic categories. These functions were fed into a generalized version of Bayes, formula to yield the various post-test probabilities of the 4 diagnostic categories.
The periods of acute rejection were best detected by increased U-C5a values ( <4 Ilg/ l), of CMV diseases by elevated U-NEOP levels (<1350 Ilmoljmol creatinine ), of bacterial infections by high SAA (<14Ilg/ dl ) and U-C5a (>6.5 Ilg/ l) values, and of stable graft function by constant SAA levels «20% day-to-day increase ). The combination of U-NEOP, SAA, and U-C5a yielded the optimum discrimation between the four diagnostic categories (p<O .OOOl ).
Serial measurements of immunologic parameters, analysed by the generalized likehood-ratio approach appear to be promising for the differential diagnosis of complex clinical situations and medical decision making in clinical routine. Superantigens like erythrogenic toxins have been implicated in the pathogenesis of a toxic shock-like syndrome and of scarlet fever. In the presence of antigen-presenting cells bearing MHC class II antigens like macrophages, they polyclonaly stimulate as many as one out of ten T cells, triggering an outof-control production of cytokines like IL-l, IL-2 and IL-6, tumor necrosis factor-a and interferon-y. In contrast to this, common antigens are able to stimulate only one of 10,000 T cells on a clonal level.
Superantigens induce tryptophan degradation in parallel to neopterin formation in human peri. pheral blood mononuclear cells but not in the human myelomonocytoma cell line THp·l
We tested whether the exposure of human monocytic cells, mononuclear cells isolated from peripheral blood of three healthy individuals and the myelomonocytic cell line THP-l, to streptococcal erythrogenic toxins A and B and a streptococcal-derived mitogen named BX is associated with tryptophan degradation and neopterin production in vitro.
In peripheral blood mononuclear cells these toxins induced interferon-y production and consequently tryptophan degradation and neopterin production. In supernatants of cells, there was a statistical significant correlation between neopterin concentrations and the kynurenine/tryptophan-ratios (r=0.66, p<O.OOl), which are the best estimate of indolearnine-(2,3)-dioxygenase activity and therefore allow to determine tryptophan degradation . Both, neopterin production and tryptophan degradation, could be blocked by anti-human interferon-y antibodies. Neopterin production and tryptophan degradation were not induced when the human myelocytoma cell line THP-l was stimulated with these toxins, but, there was a costimulatory effect to interferon-yon stimulation with streptococcal erythrogenic toxin A.
Thus, we conclude that in human peripheral blood mononuclear cell culture streptococcal erythrogenic toxins are able to stimulate neopterin production and tryptophan degradation in paralell via the induction of interferon-y formation. There seems to be no direct effect of toxins on monocytic cells. Further studies will be necessary to demonstrate the in vivo relevance of our findings in patients with superantigenic exposure. In recent years pteridines were reported to influence radical-mediated reactions. While 7 ,8-dihydroneopterin acts as a scavenger of free radicals, neopterin was shown to enhance such reactions. An often used source of free radicals is xanthine oxidase liberating superoxide radicals. Xanthine oxidase is a special enzyme concerning pteridines: pterin is a substrate, being converted to isoxanthopterin, while pterin-6-aldehyde ser;es as a potent inhibitor of xanthine oxidase. On the other hand molybdopterin is an essential cofactor carrying a molybdenum ion in the catalytic center of the enzyme . Investigating the effects of pteridines on superoxide radicals produced by xanthine oxidase, it is important to know about the enzyme-inhibiting functions of pteridines. We thus studied inhibition of xanthine oxidase by pteridine derivatives in order to find structural requirements of a pteridine to be an inhibitor.
Milk xanthine oxidase was used for enzyme assays which were carried out in phosphate buffered saline (pH 7.4). Two different methods were used: in a photometric assay xanthine was used as substrate which is converted to uric acid. This conversion was monitored by the absorption at 296 nm. In a fluorescence assay pterin was used as substrate : isoxanthopterin formation was followed fluorimetrically with (excitation: 345 nm, emission: 390 nm).
Aromaticity was found to be an important feature of an inhibitor. Neopterin, biopterin and 6-hydroxylumazine were found to be inhibitors of xanthine oxidase, while the 7,8-dihydro-derivatives did not inhibit or in a much lower extent. The side chain of the pterin derivative is also critical for enzyme inhibition. 6-hydroxymethylpterin showed inhibition while 6-methylpterin did not. The site of substitution has an influence on inhibitor function, too: pterin -7 -carboxylic acid showed a marked inhibition, while pterin-6-carboxylic acid showed no or just low inhibition.
Xanthopterin was found to be a more potent inhibitor than isoxanthopterin, while leukopterin showed no inhibition at all. While substrates of xanthine oxidase like pterin or lumazine were reported to competitively inhibit xanthine oxidase, we found different types of inhibition for other pterins. Neopterin, biopterin and 6-hydroxymethylpterin which were most effective in inhibition, were found to be non-competitive inhibitors. On the other hand, pterin -7 -carboxylic acid and xanthopterin are mixed type inhibitors of xanthine oxidase . Neopterin concentrations were determined in cerebrospinal fluid (CSF) and serum specimens from 91 children with no evidence of central nervous system (CNS) or peripheral inflammations, 43 with definite neuroborreliosis, 51 with other CNS infections, and 33 with peripheral infections. The aim of our smdy was (1), to establish a range of normal CSF neopterin concentrations in control children, and (2), to inquire into the diagnostic potential of neopterin measurements in both body compartments for aiding in differential diagnosis of inflammatory versus non-inflammatory diseases, and CNS versus peripheral inflammations. CSF neopterin concentrations in controls were invariably low (up to 9 .3 nmol/I ), but in children with neuroborreliosis and, even more so, with other CNS infections neopterin levels were significantly (P<O.OOOI) elevated. Children with peripheral infections, however, did rarely show raised CSF neopterin concentrations. Serum levels of neopterin, on the other hand, were not significantly different between controls and children with neuroborreliosis. While serum concentrations were significantly different between controls and children with other CNS infections, diagnostic efficiency was poor for this comparison. Peripheral infections, in contrast, were associated with significantly higher (P<O.OOOI ) serum neopterin concentrations when compared with controls. Thus, on the basis of a comparatively large control group, our data underline the diagnostic validity of neoptePteridines/ Vol. 8/ No. 1 From the data of literature \\'e know that some metabolites of kynurenine po ssess high biological activity . For example, 3-hvdroxykurenine and 3-hydoxyanthranilic acid have carcinogenic acti\'in', while quinolinic acid induces anxiety and seizures . Neoplastic transtormation of cells is accompained by marked increase ill cell surtace fluidi~', and changes of membrane fluidity have been demonstrated to be a function of the membrane cholesterol/phospholipid ratio as well as of ta~' acid composition of phospholipids. In earlier snldies we have found a significant effect of pteridines on phospholipid biosynthesis in rat liver homogenates. Since there exists an association benveen interteron-ymediated formation of pteridines and of tryptophan degradation products, we investigated the action of 3-hydroxykynurenine, 3-hydroxyanthranilic acid and quinolinic acid on phospholipid biosmthesis ill vitro as well as cholesterol and phospholipid co ntent using the previously described assa\' system.
We observed that addition of 3-hvdroxykynurenine ( 1.8 nmol/g wet weight ), 3-hydroxyanthranilic acid (2.2 nmol/g wet weight ) and quinolinic acid (2.4 nmol/g wet weight ) to incubation medium for phospholipid biosynthesis in \·itro \\'as tollowed by a decrease of saturated ta~' acids (palmitic and stearic acid) incorporation into phospholipids and by an increase of unsaturated fa~' acids (oleic and arachidonic acid) incorporation into phospholipids. The content of cholesterol decreased but the amount of phospholipids increased in samples used for phospholipid biosynthesis. These results were similar to those obained after addition of tetrahydrobiopterin and its presursors to the incubation medium for phospholipid biosynthesis.
The results obtained in the present study sug- The possible association between markers of immune activation (neopterin, sTNF-R and sIL-2R) and markers of muscle degradation (creatine kinase: CK, CKMB, myoglobin, myosin heavy chain : MHC had been analvsed in patients with inflammaton' myopathy . Sera from 44 patients (33 females, 11 males, age 39± 13.1 years; disease duration 27 ± 24 months ) were studied. All patients fulfilled the criteria of Bohan and Peter for poh'l11yositis (PM) or dermatomyositis (OM ). There were 14 patients with primary PM, 14 patients with primary OM, and 16 patients with myositis and systemic sclerosis (SSc) in overlap. Serum neopterin \Vas measured by radiommunoassay (BRA-H~IS/Henning, Berlin, Germany). Concentrations o f sTXF-R and sIL-2R were determined by EL-1S.-\5 I T C ell Sciences, Cambridge MA). Serum CK detemlinations were pertormed in the hospital 's clinical chemism' laboraton' using a standardized enzymatic aSSd\' CKMB mass and myoglobin concentrations \\'ere measured bv enzvme immuno c assays i Opus, Behring Diagnostics, USA) . MHC concentrations \\'ere measured by an immunoradiametric assay (ERL\ Diagnostic Pasteur, Mamesla-Coquette, France I . Significant essociations were found ben\'een the increase of s~"'F-R and markers of muscle degradation (p<O.OI ) in the whole group of patients and in PM. In DM all markers of immune activation significantly correlated with CK and MHC (p<O.05) . There were no such correlations in Ssc between immune system and muscle degradation parameters but there were correlations ill between the markers of immune activation, neopterin and sTNF-R and sIL-2R (p<O.OOl).
We found associations between immune activation and markers of muscle degradation in PM and DM. The correlation between sTNF-R and CK and myosin would be in line with a role of apoptosis in PM/DM pathogenesis. In a prospective study we assessed whether the changes in the CD4+ T-cell count over an one year period are associated with increased levels of serum HIV-I-RNA in comparison to markers of immune activation, namely neopterin, and soluble tumor necrosis factor receptor 75 (sTNFR-75). 47 individuals were available after a median follow up of 12 months (range 8 to 16 months). Mean age was 34± 8.5 years; 34 were male; 28 were injecting drug users, and 11 were homosexual men, two were men with hemophilia; six patients acquired HIV infection by heterosexual contacts. At study entry ( 1991), 30 were asymptomatic, seven had oral candidiasis and/or constitutional symptoms, and 10 exhibited clinical AIDS . Nineteen individuals have taken zidovudine tor more than one month during the study period. The median CD4+ T-cell count dropped significantly (p=O. 007) from 312x 10 6 /L (range 8-1389) at study entry to 235 x 10 6 / L (range 2-1027) at study end. The percentage of the change of the CD4+ T-cell count from study entry to study end ranged from -97% to +98%, the median was -33% . The CD4+ T -cell count obtained at study entry correlated strongly with baseline serum HIV-l RNA levels (r=-0.47, p<O.OI), to a lesser extent with neopterin (r=-0.41, p<O.OI) and did not correlate with sTNFR-75 (r=-0.21, p>0 .05). The percentage of the change of the CD4+ T-cell count during the follow-up period correlated with neopterin (r=-O. 51, p<O.Ol), and sTNFR-75 (r=-0.42, p<O.OI), and only weakly with baseline levels of HIV-l RNA (r=-0 .32, p<0.05). The absolute change of the CD4+ T-cell counts during the follow up period correlated only with baseline levels of sTNFR-75 (r=-0.29, p=0.05).
Interplay between immune activation and viral load in HIV infection
When the percentage of the change of the CD 4+ T-cell count during follow-up was chosen as the dependent variable, and other variables including HIV-l RNA, the CD4+ T-cell count, zidovudine treatment of 1 month or more and the time during follow-up were taken as independent ones, a stepwise multiple linear regression analysis revealed that neopterin (F-to-remove=13.16), sTN-FR-75 (F-to-remove=3.77) and the time from study entry to study end (F-to-remove=4.10) were jointly significant explanatory variables for the percentage of the change of the CD4+ T-cell count from snJdy entry to study end. The multiple correlation coefficient obtained with this multivariate model was 0 .63.
The linear correlation coefficients between HIV-1 RNA levels and levels of immune activation markers at study entry revealed r=0.35 for neopterin and 0.40 for sTNFR 75. In a subgroup of 19 individuals, who had no or more than two years nucleoside mono therapy , plasma levels of HIV-l RNA were available five years later. Serum levels of HIV-l RNA of these individuals at baseline were slightly lower than plasma HIV-l RNA obtained five years later (median values 4.50 vs 4.84 log copies/ mL ), however this difierence was not significant (p=0.17) (Fig. 2) . Baseline concentrations of neopterin and sTNFR-75 did not correlate with baseline HIV-l RNA, however, did so with plasma HIV -1 RNA obtained five years later (r=0.42, p<0.05 for neopterin and r=0.46, p<0.05 for sTNFR-75 ).
The decline of CD4+ T cells over a short time period is associated with concentrations of soluble immune activation markers. The association of levels of HIV -1 RNA with the decline of CD4+ T cells over a short time period is very weak. Increased levels of neopterin and sTNFR-75 may indicate increased replication of HIV (even years later). Immune activation plays an important role in the pathogenesis of HIV infection.
Comparison of alanine amino transferase and neopterin as markers for the detection of acute cytomegalovirus infection in blood donors
Schennach H, Mayersbach P, Neundlinger W, Hessenberger G, Schoenitzer D Central Institute of Blood Transfusion and Immunology, University Clinic, Institute for Biostatistics and Documentation, University of Inns-bmck, Innsbmck, Austria Alanine aminotransferase (ALT ) screening of blood donations was introduced in the late sixties in most of the Austrian and German blood banks to prevent the transmission of viral hepatitis by blood transfusion . American studies could demonstrate that approximately 40% of post-transfusion hepatitis could be prevented discarding blood units with elevated ALT levels. Since the introduction of HBsAg-screening, the detection of the Hepatitis C vims (HCV) as the main causative agent of post-transfusion hepatitis and the development of HCV-screening tests, the value of ALT has become controversial. In the Austrian Tyrol, approximately 500,000 voluntary blood donations have been routinely screened fo r e1eyated neopterin concentrations since 1986 additional to the mandato ry screening tests (including ALT). In whole Austria neopterin testing of blood donations became mandatory in 1994. Neopterin as a product of interferon-y-activated macrophages is a sensitive indicator of cell-mediated immune activation and thus represents a general, early and highly sensitive marker tor viral infections.
Although prophylactic therapy was much improved during recent years from our point of view the prevention of the viral transmission by blood products is still very important. CMV-seronegative blood has become a standard of care for the preventio n of transfusion-associated CMV infections in seronegative high risk patients but it cannot totally eliminate the risk of viral transmission, since acute CMV infections may remain undetected bv IgGI IgM screening programs. Due to a 100% knowledge of the CMV antibody state of all our blood donors we were able to anal\'se the value of the socalled unspecific surrogate markers AL T and neopterin to detect acute CMV infectio ns among blood donors. 56,068 donations of 44,427 blood dono rs were analyzed retrospectively. 9 ,105 donors who had two or more donations in our twelve months observation interval I were examined for CMV seroconversion. CMV seroconversion was supposed if there was a change in the donors CMV state from antibody negative to antibody positive. In 20 cases seroconversion due to infection was confirmed . Seroconversions were classified according to the following criteria: optical density of e Mv e Mv I gM test I gG/ lgM antibody ELISA G[<)up 1 (early infection ) dl.6 Group 2 (late state ) 2 0 .6 Group 3 (carria state ) >0 .6 positive p0 5itive negative
The cutoff of ALT was 40 U I I, the cutoff value tor neopterin was chosen as the 98 th percentile of the distribution of neopterin concentrations of all donations during the observation time (12.1 nmol! I). Donors wirth early CMV infection had significantly higher neopterin concentrations (p=0.003 ) than late or carrier states of C MV infection. In one case the raise of neopterin even preceded the serologic detectability of specific IgM antibodies. AL T also showed an increase in the acute phase of infection but reached the mandatory cutoff of 40 U I 1 onlv in one case.
Concentrations of neopterin and ALT at CMV seroconversion and increase of concentrations compared to last negative donation : We conclude that testing for serum neopterin IS a reliable way to minimize the risk of CMV transmission by blood donations . ALT is of reduced value compared to neopterin.
Idenfication and characterization of the NO synthase pterin-binding domain and function
Schenk H, Hofmann H, Frlich L, Meineke M, W eege r M , Weinberg R , Marecak D, Prestwich G, Groehn V, Pfleiderer W, Schmidt HHHW Department of Pharmacology, University of Wurzburg, Wurzburg; Faculty of Chemistry, Universiry of Konstan z, Konstanz, Germany; C hapel Hill, University of North Carolina; Biotech Genetics, Utah, USA Purified NO synthases (NOS) contain substoichiometric amounts of tetrahydrobiopterin and, tor unknown reasons, require exogenous tetrahydrobiopterin for maximal activity. Using novel anti-pterin-(AP)-type inhibitors of NOS we identified both redox and allosteric roles for tetrahydrobiopterin in NOS function as well as its domain localization. APs inhibited NOS-I activity in vitro and in intact cells specifically by competing with tetrahydrobiopterin but not with substrate (L-arginine ) or cosubstrates (NADPH, FMN, FAD) . Based on distinct inhibitor profiles, NOS was a mixture of at least two subspecies, as differentiated by pterin-saturation.
Photoaffinity labeling with [3H]6-[ 4-(benzoyl)-phenylethylcarbonyloxy-methyl]-pterin and competition experiments revealed that all APs specifically bound to a single site. When rufferent NOS domains were analyzed, labelling occured preferentially in the heme-containing oxygenase domain of NOS, and was strongest in a fragment between the heme and the CaM binrung site. The C-terminal reductase domain of NOS was not labeled significantly over background. Interestingly, the N-terminus of NOS-I inhibited AP binding. Moreover, not only L-arginine turnover but also reduction of NBT, a widely used histochemical marker for the NADPH ruaphorase activity of NOS, could be blocked by APs, suggesting that tetrahydrobiopterin has a redox function within NOS and the pterin binding site is essential to an intra-protein non-cytochrome P450-reductase activity.
Pteridines induce apoptosis in alveolar epithelial cells The neopterin derivatives, neopterin and 7,8-dihydroneopterin, are known modulators of the cellular oxidant-antioxidant balance as well as the expression of the inducible nitric oxide synthase (iNOS) gene . Since apoptosis can be induced by triggers like reactive oxygen intermeruates and nitric oxide (NO) we investigated whether the neopterin derivatives induce apoptotic death. As model we selected the rat alveolar epithelial cell line L2. Single incubation of L2 cells with neopterin (1 f-LM-lOOO f-LM ) resulted in a significant increase of percentual apoptotic cells as measured by FACS analysis. Maximal apoptosis was obtained with 100 f-LM neopterin (mean: 12.8%) and 100 f-LM 7,8-dihydroneopterin (mean: 16.9%). Coincubation of both pteridines with the cytomix (100 U/mL interferon-y+ 500 U / mL tumor necrosis factor-a) lead to a significantly higher percentage of apoptosis than the cytomix alone . In contrast to the cytomix, which released significant amounts of NO, no iNOS gene expression and no NO release could be detected after incubation with neopterin as well as 7,8-dihydroneopterin . We conclude that neopterin and 7,8-dihydroneopterin are per sestrong inducers of apoptosis, the effects being not meruated by NO . This may be of importance in inflammatory pulmonary ruseases associated with an activation of the cellular immune system (e .g. pneumonia, sepsis, acute respiratory distress syndrome ).
Cytokine-induced neopterin production in human dermal microvascular endothelial cells ( Interferon-y stimulates GTP-cyclohydrolase and thus formation of pterirunes in a variety of cells from humans and from other species. Due to a relative deficiency of pyruvoyl-tetrahydrobiopterin synthase (PTPS) human monocytesj macrophages are unique to produce a huge excess of neopterin over biopterin whereas all other cells like human fibroblasts or endothelial cells or cells from other species produces excessive amounts of biopterin derivates and only scarce amounts or no neopterin is detectable. Similarly during states of cellular immune activation increased concentrations of neopterin occur in human body fluids, whereas only little or no elevation of biopterin can be observed. This finrung supports the concept that elevated neopterin concentrations are indicative for actived monocytes/ macrophages. However, in some situations like pulmonary infection or certain situations of malignancy increased production of biopterin was also observed. This data indicate that in latter situations other cells than monocytes/ macrophages may also contribute to neopterin elevations.
Earlier it has been described that human endothelial cells can be stimulated for neopterin production by interferon-y, although the amount per cell was low compared to monocytes/ macrophages.
In this study, we investigated the potential role of microvascular endothelial cells for neopterin production . We isolated human dermal miocrovascular endothelia cells from human foreskins. HDMEC were incubated with either IFN-y (100 Ujrnl, 1000 U/rnl), TNF-a (500 Ujrnl) and IFNy (100 U j rnl), IFN-a (1000 U / rnl) for 4, 24, 48
Pteridines/Vol. 8/ No. I and 72 hours \vithout additon of serum and hydrocortison (usually used for culturing of HDM-EC). Neopterin production in supernatants was measured with ELISA and RIA (BRAHMS, Berlin).
All cytokines were able to induce neopterin production in HDMEC in a time dependent manner (72 hours>48 hours>24 hours). Induction of neopterin was in a range o f 3 to 8.9 nmol/1. Interferon-y and TNF-ex were the most potent inducers of neopterin production in HDMEC. TNFex and IFN-y together had an additional effect on neopterin production. IFN -ex (even in higher dosages) was far less able to induce ne opterin production in HDMEC.
Our results suggest that not o nly monocvtes/ macrophages are capable to synthesize neopterin, but also endothelial cells particularly those deriving from the microvasculature , although the neopterin concentrations found with the highest dose of interferon-y were much lowe r than those seen in supernatants of stimulated monocytes/macrophages in earlier studies. This may have an impact on the regulation of nitric oxide production which is especially important for vasodialation in microvasculture. In septic conditions the neopterin production in endothelial cells may additionally be responsible for measured elevated neopterin serum levels. HDMEC (deriving from microvessels) are far more responsive to different cytokines in neopterin production than HlJVEC (deriving from large vessels) demonstrating once more the biological different behavior of human endothelial cells derived from the microvasculatur compared to other types of endothelial cells. Andert SE, et aZ. Clin Exp Immunol 1992; 88: 555-558 Kurobane T , et al. Jpn J Pharmacal 1995; 68: 263-269 Sepp NT, et al. J Invest Dermatol 1994; 103: 295 -299 Walter R, et al. Biochem Biophys Res Commun 1994; 203: 1522 -1526 Werner-Felmayer G, et aZ. J Bioi Chern 1993 268: 1842 -1846 Serum neopterin in patients with schizophrenia Schizophrenia is a vastly heterogenous disorder, which has led to the investigation of multiple etiopathogenetical factors. Historically, a possible infectious viral etiology has led investigators to hypothesize about the involvement of the immune system in the manifestatio n of this disorder. Besides an infectious hypothesis, an ongoing autoimmune process or a rather unspecific immunologic dysfunction are discussed of being involved in the etiopathogenesis of schizophrenia. In two previous studies we measured urine neopterin concentrations in acute schizophrenic patients finding lowest neopterin values on the day of adnussion to the psychiatric hospital followed by a stabilisation during antipsychotic treatment. Because increased neopterin concentrations in humans are related to the activation of monocytes/ macrophages by interferony, decreased neopterin concentrations may indicate a reduced activation of cell-mediated immunity and subnormal formation of cytokines. T o further address tlUs hypothesis we were interested to compare neopterin concentrations with possible metabolic changes of tryptophan, since the degradation o f tryptophan to form kynurenine is initiated by indoleamine (2,3 )-dioxygenase, an enzyme which is also inducible by interferon-y as it is the case with GTPcyclohydrolase I.
Ten schizophrenic patients (according to DSM -IIIR criteria) admitted due to an acute psychotic exacerbation were allocated into the present study. Concentrations of neopterin (by ELISA, BRAH-MS , Berlin, Germany) , tryptophan and kynurenine (by HPLC ) were measured in serum on day 0, day 7 and on the day of discharge from hospital. Lowest neo pterin values were found on day 0, followed by a significant increase during the treatment period (p=0 .02 ), however neopterin concentrations still remaining inside the 95th percentile of age-matched healthy controls. Kynurenine levels showed a similar development as neopterin, starting with lowest values on day 0 and followed by an increase during antipsychotic treatment (p=0.02) . Tryptophan measurements presented low values at admission without any significant change thereafrer, and only a slight increase was seen on day 7 (p=n.s.).
From the data we conclude that low or decreased neopterin concentrations can be detected in the urine and in the serum of patients with schizophrenia during acute exacerbation. Moreover there exists some association between the changes of neopterin and of kynurenine levels which indicates a possible immunological background. The data give some hints for an immunologic dysfunction in schizophrenia being the basis for the decreased formation of neopterin and kynurenine most likely to be due to reduced production of cytokines like interferon-y which are the main stimuli for neopterin production and tryptophan degradation. For a better interpretation more extended immunologic studies including cytokine investigation are warranted.
Sperner- Unterweger B, et al. Schizophrenia Res 1989; 2 : 417-4212 Sperner-Unterweger B, et al. Psychiatry Res 1992; 42: 121-128 New regioseJective syntheses of 6-substituted pteridines Taghavi The interesting biosynthetic pathway from GTP to the pteridines explains in a straightforward manner why most naturally occurring derivatives of this heterocyclic ringsystem carry a substituent in the 6-position of the nucleus. The chemical synthesis of this type of molecules affords, in general, special reaction conditions since the most common condensation reactions based upon the Gabriel-Isay approach always leads to the formation of isomeric mixtures of the 6-and 7 -substituted pteridines derivatives.
Regioselective synthesis can be performed by the Timmis, Polonovski-Boon and Taylor reaction, respectively, which work in special cases quite well if the required reaction products are available. A simple direct synthesis is, however, needed in order to get access especially to 6-substiulted pteridi.nes from the easily available pyrimidine-5,6-diamines.
We have shown that 1,3-dimethyluracil-5,6-diamine reacts with methyl glyoxal in weak acidic medium to 1,3,7-trimethyllumazine via an intermediary Schiffs base formed betvveen the nucleophilic 5-amino group and the aldehyde function. In an analogous manner methylglyoxal-monoaldoxime reacted to the corresponding ketimine which could also been cyclized in a regioselective condensation in 80% sulfuric acid to give 1,3,6-trimethyllumazine in high yield.
Based upon these results we investigate the condensation reaction between 2,4,5,6-tetraaminopyrimidine ( 1) and various alkyl and arylglyoxalmonoximes and found surprisingly that the dihydrochloride salt reacts in methanol under reflux in a highly regioselective manner to yield the corresponding 6-alkyl-and 6-aryl-2,4-diaminopteridines in excellent yields.
Analogously reacted 4,5,6-triaminopyrimidine (2) and its 2-methylthio-(3) and 2-phenyl derivates (4) showing that the adjacent 4,5,6-triamino function is crucial for this new approach. The most important finding is seen in the condensations of the 4,5,6-triaminopyrimidines ( 1-4) with choro-and bromopyruvaldoxime forming in high yields the corresponding 4-amino-2-substituted 6-chloro-and bromomethyl-pteridines which are valuable intermediates for further nucleophilic substitution reactions in the side-chain forming, for example, aminopterin and methotrexate, respectively, and its analogues on treatment with pamino-and p-methylamino-benzoylglutamic acid . 
NH2
~H:2COOH
A 2,4-Diarnino-6-bromomethylpteridine has earlier been prepared in a tedious two step synthesis in an overall yield of about 20% but can now been obtained from 2,4,5,6-tetraaminopyrimidine dihydrobromide with bromopyruvaldoxime in 88% yield. Even a onepot reaction of these components fol-lowed by addition of p-aminobenzoylglutamic acid gave aminopterin in 69% yield and alkaline hydrolysis afforded in two steps pure folic acid in 55% isolated yield. 2,5,6-triamino-4 (3H)pyrimidone does not react with the halopymvaldoximes in a similar manner but forms the 5,7 -diaminopyrimidino [ 4,5- In 1968 we have shown that heating of 1,3-dimethyluracil-5,6-diarnine with benzaldehyde leads to 1,3-dimethyl-6,7diphenyl-lumazine. The proposed mechanism involves double Schiff's base formation tollowed by electrocyclization and oxidative aromatization. This interesting new pyrazine tormation was exended by Yoneda and Higuchi to 6-amino-5 -arylidenearnino-l ,3-dimethyluracils which reacted with ethyl orthoformate in DMF to 6-aryl-1,3-dimethyl-lumazines in excellent yields and giving rise to a new type of regioselective synthesis of 6-substituted pteridines derivatives. We have now modified this reaction further shmving that a broad variety of Schiff's bases of pyrimidine-5 ,6-diarnines can be converted by C-I synthons such as ethyl orthoformates and dimethyl-formamide-dialkdacetals in DMF at elevated temperatures into the corresponding 6-substituted pteridines. Schiff's base formation between 1 ,3-dimeth~'luracil-5,6-diamine and aromatic aldehydes, conjugated aldehydes, heterocyclic aldehydes work especially well whereas aliphatic aldehydes give low yields and are prone to a series of side reactions. Most valuable from a synthetic point of view are the reactions with alkyl glyoxylates as well as alkyland arylglyoxals leading finally to alkyl 1,3-dimethyllumazine-6-carboxylates and 6-acyl-l,3-dirnethyllumazines which cannot be synthesized directly by any type of acylation reaction. By this new approach the recently isolated 6-acyllumazine derivatives from the Marine Polychatete , Odontosyllis undecimdonta will be available in a straightforward manner.
Y oneda also claimed in his paper that the homologous reaction of 6-amino-5-benzylideneamino-1, 3-dimethyluracil (1 ) with ethyl orthoacetate will lead to the corresponding 1,3,7 -trimethyl-6-phenyllumazine which was only characterized by a melting point and an elemental analysis. Reinvestigation of this reaction, however, revealed that the alleged lumazine structure has to be revised according to the IH-NMR which did not show a methyl group. Isolation of an intermediate indicated by its X-ray analysis that both carbon atoms of the ethyl orthoacetate are involved in the ring formation leading to 8-ethoxy-6,7 -dihydro-I, 3-dimethyl-6-phenyl-5H -pyrimido[4,5 -13 ] -1,4-diazepine-2,4-dione (2) . Prolonged heating caused elimination of ethanol to give 1,3-dimethyl-6-phenyl-5H-pyrimido[ 4,5-13-]-1 ,4-diazepine-2,4-dione (3 ) which is isomeric to 1,3,7-trimethyl-6-phenyllumazine . Furthermore was found that the reaction of (1) with dimethoxymethyl acetate, an activated form of ethyl orthoformate, proceeds via a different pathway yielding besides a small amount of 1,3-dimethyl-6-phenyl-Iumazine preferentially 7 -acetoxybenzyltheophylline (4) as the main reaction product. crease of neopterin concentrations was tound in a variety of diseases in which T -lymphocytes and macrophages are involved . Local neopterin concentrations (for example in saliva) are not documented very well and frequently. By measuring neopterin concentrations local Iv in saliva and systemically in urine of patients with periodontitis, we tested whether local inflammation of the gingiva and supporting tissue is able to cause cellular immune system activation. As ele\'ated levels of lysosomal acid hydrolase B-glucoronidase, a marker for the priman' granule release from the polymorphonuclear leukocyte in the gingival crevicular fluid have been found bv others, we thought a simple and robust marker tor the activation of the immune s~'stem in such patients would be very helpful tor their management, especially for control of the efficacy of therapeutic measures.
Neopterin concentrations were measured in saliva (ELItest, Brahms Diagnostica, Germany) and in urine (by HPLC using fluorescence detection) of 29 patients with a total number of teeth between 18 and 32 and with 1 to 32 teeth affected by periodontitis, assessed according to the Community Periodontal Index of Treatment Needs (CPITN) status.
Whereas neopterin concentrations in urine increased slightly but not significantly in parallel with increasing numbers of affected teeth, salivary neopterin levels showed a significant and positive correlation with number of diseased teeth (linear correlation coefficient =0.48, P=0.012). Additionally, in patients with less and up to 20 affected teeth, salivary neopterin concentrations were significantly lower than in those with more than 20 CPITN positive teeth (P=0.0045, two sided Students t test). In contrast, urinary neopterin levels in these two groups did not differ significantly.
These results suggest that periodontitis is associated with activation of cell-mediated immune reactions which can be detected only locally in the saliva compartment but not systemically. Therefore, for possible long term monitoring of patients with periodontitis neopterin concentrations in saliva should be measured. For possible detailed insight into the immune status of individual teeth, determination of neopterin in the gingival crevicular fluid is in progress.
Pterin derivatives suppress the activity of xanthine oxidase When human macrophages are stimulated with interferon-y they produce and release large amounts of neopterin and 7,8-dihydroneopterin. Neopterin concentrations in CSF, serum and urinary samples allO\v to monitor the cellular immune activation status in diseases like virus infections, autoimmune disorders and malignancies. However, the biological function for the production of neopterin derivates is still unclear. Recently it was reported that the amount of neopterin produced correlates \vith the concentration of toxic metaboliten (e.g., hydrogen peroxide, superoxide anion) formed by stimulated macrophages. This lead to the suggestion that pteridine derivatives may interfere with oxidant-mediated processes which was strengthened by measuring the modulatory effect of neopterin and 7,8-dihydroneopterin on hydrogen peroxideinduced chemiluminescence. In order to further evaluate the biological role of pteridine derivatives and their influence on oxidant-mediated processes, we investigated the eftects of difterent reduced (5,6,7,8 -tetrahydrobiopterin, 7,8-dihydroneopterin) and non-reduced pteridines (biopterin, neopterin, pterin-6 -carboxylic acid, xanthopterin and Ieukopterin ) on xanthine oxidase (XOD). Superoxide radical-generation catalyzed by XOD was measured by urate formation (UV-absorption at 290 run) and by reduction of nitro blue tetrazolium (NBT; UV absorption at 560 nm) spectrophotometric ally.
Compaired to the control experiments, urate as well as formazan formation was reduced concentration-dependently when pteridines were supplemented. Neopterin and biopterin strongly suppressed urate and formazan production reaching maximal inhibition at concentrations ranging from 10 11M to 50 11M . Pterin-6-carboxylic acid, xanthopterin, leukopterin and the reduced pteridines 7,8 -dihydroneopterin and 5,6,7,8-tetrahydrobiopterin had less inhibitory activity. 5,6,7,8-Tetrahydrobiopterin had a smaller influence than neopterin but was more efttxtiye than 7,8-dihydroneopterin to reduce urate and formazan production. No chemical modification of pteridines could be detected with the exception of xanthopterin as reflected by a decline of its characteristic tluorescence (excitation: 350 nm wa\'elength, emission: 440 nm wavelength). Decrease of NBT reduction and the diminished urate production is an indicator for diminished formation of superoxide anion. Loss of XOD activity indicates a suppressive effect of pteridine derivatives. Steric and/ or electronic tactors may be important for the inhibition of XOD, competitive binding of pteridines to the active center or replacement of the pterin residue of the movbdenium cofactor seems also possible. In human ceUs functional integrity of the immune system appears to depend on a balance between pro-oxidants and anti-oxidants. Pteridines, especially neopterin may inhibit the XOD-dependent superoxide anion generation and thus might be important to maintain the redox equilibrium in the human organism.
Influence of neopterin and 7,8-dihydroneopterin on peroxynitrite-induced mitochondrial damage Wede IF, Barker TE, Fuchs D, Clark TB, Heales SJR Institute for Medical Chemistry and Biochemistry, University of Innsbruck, Austria; Department of Neurochemistry, Institute of Neurology, Cniversity of London, UK Stimulation of the ceUular immune system during infectious, inflammatory and autoimmune disorders results in the formation of nitric oxide (NO) by a wide variety of cell types. NO is a major participant in a number of physiological functions, but excessive production can be deleterious. Peroxynitrite (ONOO-) formed by the reaction of NO with superoxide anion is expected to be the agent responsible for the NO-mediated toxicity. Recently it has been reported that peroxynitrite decreased the activity of the mitochondrial respiraton' chain complexes in rats. In contrast to ceUs of other species, human macrophages when activated bv T -ceU-derived interferon-g produce neopterin and 7,8-dihydroneopterin. The amount produced correlates with the capacity of the cells to secrete toxic agents like reactive oxygen species. It is suggested that both compounds interfere with the reactive intermediates.
In order to extend our knowledge on the effect of neopterin and 7,8-dihydroneopterin on toxic intermediates, we investigated their influence on peroxynitrite-mediated inhibition of the mitochondrial function. Exposure of isolated rat brain mitochondria to either neopterin (5-500 11M) or 7,8-dihydroneopterin (5-1000 )..lM ) resulted in a dosedependent loss of succinate cytochrome c reductase (complex II/ III) activity compared to the untreated mitochondrial samples, whereas the activity of NADH-CoQl reductase (complex I), cytochrome c (complex IV) and citrate synthase was not altered by neopterin and 7,8-dihydroneopterin. When the activity of respiratory chain complexes after addition of peroxynitrite (100-1000 11M) was determined, complex I, complex II/III and citrate synthase activity was inhibited up to 49%, 50% and 34%, the activity of complex IV remained uneffected. Pretreatment of mitochondria with neopterin or 7,8-dihydroneopterin modulated the effect of peroxynitrite on the enzymes. The peroxynitrite-induced inhibition of complex I, complex II/III and citrate synthase was increased tor further 14%, 15% or 7%, when neopterin was present. In contrast, addition of 7,8-dihydroneopterin to peroxynitrite-exposed mitochondria resulted in a protective effect on complex I, complex II/ III and citrate synthase in a concentration-depent manner. When 7,8-dihydroneopterin was used in a concentration of 1000 the residual enzyme inhibition \Vas only 27%, 31 % or 7%. These results imply that neopterin and 7,8-dihydroneopterin are able to modulate the effects of cytotoxic agents either by catalyzing the production of reactive intermediates from peroxynitrite or by acting chemically as an antioxidant. Thus, both compounds may sen'e as regulators of cytotoxic products during ceUmediated immune response in the human body.
Crosstalk betwen iron metabolism and cellular immune effect function Iron is not only an essential compound for all living organisms because of its role in oxygen transport via hemoglobin or as part of crucial iron-sulfur enzymes, e.g. in the respiratory chain, but plays also a central role in orchestrating the regulation of immune effector function. Iron balance may represent the key for host cells to achieve immunosurveillance against invading micro-organisms and tumor cells. Evidence is rapidly accumulating that the control of iron balance during infections and neoplasias is one of the central battlefields deciding about the fate of the disease. We and others could previously demonstrate ill vitro and in vivo that iron perturbations strongly affect cellular immune effector function via iron-mediated regulation of cytokine activities (such as interteron-g) and macrophage-mediated cytotoxicity. We could further identii)' an auto-regulatory feedback mechanism between post-transcriptional regulation of iron metabolism via iron-regulatory proteins (IRP) and cellular immune effector function of macrophages via the formation of NO by which activated macrophages are enabled to link maintenance of cellular iron homeostasis with optimal host defense.
Cerebral malaria is one of most severe complications of Plasmodium jalciparllnl infection, and the condition is especially common in young children. So far no real effective therapy could be established. A few years ago the use of the iron chelator desferrioxamine in addition to a standard antimalarial treatment provided some encouraging results by significantly decreasing the mortality rates of such children while plasmodium clearance was drastically enhanced. In order to investigate whether this beneficial effect may be based on modulation of cellular immune effector function according to our in vitro results described above we measured serum concentrations of the stable endproducts of NO, nitrite and nitrate (N0 2 -/N03 -), as well as interleukin (IL)-4, IL-6, IL-IO and neopterin in 39 Zambian children enrolled in a placebo-controlled trial of desferrioxamine B in addition to quinine. Mean concentrations of N0 1 -/ N0 3 increased significantly over three days in children receiving desferrioxamine plus quinine, but not in those given placebo and quinine. Since formati on of NO by macrophages and hepatocytes has been demonstrated to be a central mechanism of anti-plasmodial toxicity one might suggest that the beneficial effect of iron chelation therapy in cerebral malaria should be in part due to stimulation of immune defense via increase of NO formation bv desferrioxamine. Neopterin levels declined significantly with placebo but not with desferrioxamine. IL-4 levels increased progressively in the placebo group and ultimately decreased in the desferrioxamine group but the trends were not statistically significant. IL-6 and IL-IO levels were elevated initally and decreased significantly in both groups over three days.
Interestingly, levels of IL-4, IL-6 and IL-IO at day four were lower in children receiving desferrioxamine. Our data are consistent with the hypothesis that iron chelation therapy in children with cerebral malaria strengthens Th I-mediated immune effector function involving increased production of NO while the Th2 immune effector branch appears to be weakened.
Binding of tetrahydropteridines to NO synthase: clues for the role of tetrahydrobiopterin
Werner ER, Pitters E, Schmidt K, Wachter H, Werner-Felmayer G, Mayer B Institute of Medical Chemistry and Biochemistry, University of Innsbruck, Innsbruck; Institute of Pharmacology and Toxicology, University of Graz, Graz , Austria
To study the action of pteridines on NO synthase, we investigated the int1uence of various tetrahydropteridine derivatives on binding of 3H labelled tetrahydrobiopterin to neuronal nitric oxide synthase. The data extend our previous findings, that NO synthase shows a strong preference for the natural cofactor, 6R-5,6,7,8-tetrahydro Lerythro biopterin.
In the present study we focussed on 2,4-diamino substituted pteridines. We found that methothrexate does not bind to NO synthase at all (~>300 11M). The 4-amino analogue of tetrahydrobiopterin [2,4-diamino-5,6,7,8-tetrahydro 6 -(L-erythro-I,2,dihydroxypropyl ) pteridine], in contrast, bound to the enzyme even one order of magnitude stronger (~=13 oM) than the natural cofactor tetrahydrobiopterin (~=250 nM) . The 4-amino analogue of tetrahydrobiopterin was found to be an inhibitor of dihydropteridine reductase (IC so =20 !J.M), and a strong antagonist of stimulation of neuronal NO synPteridines/ Vol. 8/No. 1 trotyrosine in body fluids is used as an indicator
